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(54) MAGNETIC FIELD MEASURING APPARATUS, AND INSTRUMENT FOR MEASURING 
RESOLUTION OF MAGNETIC FIELD DETECTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an 
instrument and method by which a magnetic field 
generated by the electric current flowing through 
only one electric wire can be measured with high 
resolution by suppressing the influences of 
adjacent electric wires in a high-density wiring. 
SOLUTION: The magnetic field measuring 
apparatus using a magnetic field detector 24, 
which detects the magnetic field generated by the 
electric current flowing through one of a plurality 
of electric wires wired in parallel with each other 
and a magnetic field measuring instrument 25 is 
provided with an input device 32 which inputs the 
wiring pitch of the parallel wires and the resolution 
characteristic of the detector 24, an arithmetic 
unit 33, which calculates the height of the 
detector 24 from the wiring from the wiring pitch 
and resolution characteristic of the detector 24, 
and a scanning device 23, which scans the 

detector 24 at a position obtained from the arithmetic device 33. The influences of the 
magnetic fields generated by the currents flowing through adjacent electric wires are 
suppressed by adjusting the height of the detector 24 so that the position at which the 
magnetic fields generated from two currents of a wiring current I and a mirror image 
current -I which is symmetrical to the current I with respect to a ground offset each 
other may become coincident with the position of the adjacent wires. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The magnetic field measuring device which has the magnetic field detector which detects the 
magnetic field by the current of the wiring of one of two or more parallel wiring characterized by 
providing the following, and a magnetic field measuring instrument the wiring pitch of the 
aforementioned parallel wiring, and the resolution of the aforementioned magnetic field detector to be 
used -- the input unit which inputs a property the resolution of the aforementioned wiring pitch and the 
aforementioned magnetic field detector — the scanner which scans the aforementioned magnetic field 
detector from a property in the position obtained from the arithmetic unit which computes the height 
position from the aforementioned wiring of the aforementioned magnetic field detector, and the 
aforementioned arithmetic unit 

[Claim 2] the resolution of the aforementioned magnetic field detector — resolution [ as opposed to the 
height of a magnetic field detector for the property which made the position of the aforementioned 
magnetic field detector with which a property serves as the minimum of the magnetic field strength in 
the distribution of magnetic field strength parallel to a wiring side in the right-angled direction to the 
aforementioned wiring the resolution to the height from the aforementioned wiring side, and changed 
and found the height from the aforementioned wiring side ] - the magnetic field measuring device 
according to claim 1 which makes into a property 

[Claim 3] The magnetic field measuring device according to claim 1 which has the scanner which scans 
three dimensions to which the scanner which scans the aforementioned magnetic field detector makes 
the right-angled direction biaxial to the aforementioned wiring and the aforementioned wiring, and sets 
other one shaft as the height from the wiring side of the aforementioned magnetic field detector. 
[Claim 4] the magnetic field detector which has the magnetic field detector which detects the magnetic 
field by the current of wiring characterized by providing the following, and a magnetic field measuring 
instrument resolution — a measuring device The magnetic-field-strength distribution listing device 
which creates a magnetic-field-strength distribution parallel to a wiring side in the right-angled direction 
to the aforementioned wiring Magnetic-field-strength minimum-point detection equipment which 
outputs the position of the aforementioned magnetic field detector used as the minimum of the 
aforementioned magnetic-field-strength distribution resolution [ as opposed to the height of a magnetic 
field detector for the property which changed and found the height from the aforementioned wiring 
side ] — the resolution made into a property — a property listing device Position detection equipment 
which detects the 3-dimensional scanner which makes the aforementioned wiring side biaxial and sets 
other one shaft as the height of a magnetic field detector, and the position of the aforementioned 
magnetic field detector 

[Claim 5] the magnetic field detector according to claim 4 which has the magnetic-field-strength 
distribution listing device to which the aforementioned magnetic-field-strength distribution listing 
device links the output of a magnetic field detector, and the output of the position detection equipment 
which detects the positional information of the aforementioned magnetic field detector scanned by the 
aforementioned scanner — resolution — a measuring device 
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[Claim 6] the magnetic field detector according to claim 4 with which the aforementioned magnetic- 
field-strength minimum-point detection equipment has [ magnetic field strength ] magnetic-field- 
strength minimum-point detection equipment which detects the position of the aforementioned magnetic 
field detector used as the minimum from the aforementioned magnetic-field-strength distribution listing 
device — resolution — a measuring device 

[Claim 7] the above - resolution - the resolution the property listing device indicated the height of a 
magnetic field detector, and the relation of resolution to be from the aforementioned magnetic-field- 
strength minimum-point detection equipment ~ the resolution which creates a property - the magnetic 
field detector according to claim 4 which has a property listing device — resolution — a measuring 
device 

[Claim 8] the above - resolution - the resolution the property listing device indicated the height of a 
magnetic field detector, and the relation of resolution to be from the aforementioned magnetic-field- 
strength minimum-point detection equipment — the resolution which creates and outputs a property — 
the magnetic field detector according to claim 4 which has a property listing device - resolution - a 
measuring device 

[Claim 9] The magnetic field measuring device which has the magnetic field detector which detects the 
magnetic field by the current of the wiring of one of two or more parallel wiring characterized by 
providing the following, and a magnetic field measuring instrument the wiring pitch of the 
aforementioned parallel wiring, and the resolution of the aforementioned magnetic field detector to be 
used - the input unit which inputs a property the resolution of the aforementioned wiring pitch and the 
aforementioned magnetic field detector — the arithmetic unit which computes the height position from 
the aforementioned wiring of the aforementioned magnetic field detector from a property The scanner 
which scans the aforementioned magnetic field detector in the position obtained from the 
aforementioned arithmetic unit, and scans three dimensions which make the aforementioned wiring side 
biaxial and set other one shaft as the height of a magnetic field detector resolution [ as opposed to / the 
height of a magnetic field detector / for the property changed and asked the magnetic-field-strength 
distribution listing device which creates a magnetic-field-strength distribution parallel to a wiring side in 
the right-angled direction to the aforementioned wiring, the magnetic-field-strength minimum-point 
detection equipment which output the position of the aforementioned magnetic field detector used as the 
minimum of the aforementioned magnetic-field-strength distribution, and the height from the 
aforementioned wiring side ] — the resolution which makes a property and outputs to an aforementioned 
input unit — the position detection equipment which detects a property listing device and the position 



[Translation done.] 



http://www4.ipdl jpo.gojp/cgi-binytran_web_cgi_ejje?u=http%3A%2F%2Fwww6.ipdl.jp... 11/26/2003 



Page 1 of 5 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] the magnetic field detector for measuring the resolution 
of the magnetic field measuring device characterized by this invention suppressing and measuring the 
influence of the magnetic field of contiguity wiring in the magnetic field measurement by the current of 
wiring of one among two or more wiring, and a magnetic field detector resolution — it is related with a 
measuring device 
[0002] 

[Description of the Prior Art] As a magnetic field detector for measuring wiring current, such as a 
printed circuit board, conventionally "Reference Major MENTO OBU NIA FIRUZU OBU 
SUKYATTAZU ANTENAZU (Measurement of Fields ofAntennas and Scatters) and - " () [ IEEE 
TRANSACTIONS ON ANTENNAS AND ] The seal dead loop magnetic field detector into which the 
semi rigid coaxial track shown in PROPAGATION, VOL.AP-21, NO.4, JULY 1973 pp 446-461, etc. 
was processed is fixed directly under wiring. It is common to search for current using the principle of 
AMPERU from the measured magnetic field. However, it is the voltage according to the magnetic field 
which is obtained with a magnetic field detector, and it needs to ask for the output voltage of the 
magnetic field detector to be used, and the transform coefficient between magnetic fields beforehand, 
and is shown in the reference "time-axis wave measurement of magnetic field near printed circuit board" 
Institute of Electrical Engineers of Japan paper magazine A (base material and common section 
magazine) (VOL.1 17 and A, NO.5, May 1997 pp 523-530). Moreover, this magnetic field detector 
makes a coaxial track 101a loop shape like drawing 1 1 , and short circuit or nonreflective termination of 
the termination 102 of a coaxial track is carried out. Moreover, the bottom which approaches measured 
wiring most is the structure which left only the central conductor 103, formed the opening 104, and 
connected the conductor with the central conductor too hastily outside by part for the termination flank 
105 of the opening 104. And the output according to the magnetic flux which pierces through the loop 
side 106 is obtained. In order to raise resolution, it is necessary to make small the loop side 106 of a 
magnetic field detector, and to make it approach the wiring which wants to measure, in measuring the 
magnetic field of wiring of one among two or more parallel wiring here. The conventional processing 
flow is shown in drawing 12 . Have arranged the magnetic field detector fixed by the scanner right 
above [ of measured wiring ], this wiring was made to approach as much as possible, and the magnetic 
field was measured soon. 
[0003] 

[Problem(s) to be Solved by the Invention] Although the magnetic field of only measured wiring can be 
measured without special consideration when wiring except measured wiring does not exist on the 
substrate which constitutes measured wiring, or when other wiring is separated enough, when [ of 
measured wiring ] contiguity wiring exists to near very much, the magnetic field by measured wiring 
and contiguity wiring is compounded and detected. Therefore, the conditions for measuring the 
magnetic field of only measured wiring need to be miniaturized as much as possible, and need to make a 
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magnetic field detector approach measured wiring as much as possible. However, since the magnetic 
field by wiring current serves as a distribution with a certain flare, suppressing the influence of 
contiguity wiring has a limitation only by fulfilling the aforementioned conditions about a magnetic 
field detector. 

[0004] the magnetic field measuring device which the purpose of this invention suppresses the influence 
of contiguity wiring in high-density wiring, and measures the magnetic field by the current of wiring of 
one by the high resolution, and a magnetic field detector - resolution — it is offering a measuring device 

[0005] 

[Means for Solving the Problem] In the magnetic field measuring device which has the magnetic field 
detector with which the magnetic field measuring device of this invention detects the magnetic field by 
the current of the wiring of one of two or more parallel wiring, and a magnetic field measuring 
instrument the wiring pitch of parallel wiring, and the resolution of the magnetic field detector to be 
used ~ with the input unit which inputs a property the resolution of a wiring pitch and a magnetic field 
detector - it is characterized by having from a property the arithmetic unit which computes the height 
position from wiring of a magnetic field detector, and the scanner which scans a magnetic field detector 
in the position obtained from the arithmetic unit 

[0006] furthermore, the magnetic field detector of this invention - resolution - a measuring device In a 
measuring device the magnetic field detector which has the magnetic field detector which detects the 
magnetic field by the current of wiring, and a magnetic field measuring instrument — resolution — The 
magnetic-field-strength distribution listing device which creates a magnetic-field-strength distribution 
parallel to a wiring side in the right-angled direction to wiring, The magnetic-field-strength minimum- 
point detection equipment which outputs the position of the aforementioned magnetic field detector used 
as the minimum of a magnetic-field-strength distribution, resolution [ as opposed to the height of a 
magnetic field detector for the property which changed and found the height from a wiring side ] — the 
resolution made into a property — it is characterized by having a property listing device, the 3- 
dimensional scanner which makes a wiring side biaxial and sets other one shaft as the height of a 
magnetic field detector, and position detection equipment which detects the position of a magnetic field 
detector 

[0007] Moreover, the magnetic field measuring device of this invention is set to the magnetic field 
measuring device which has the magnetic field detector which detects the magnetic field by the current 
of the wiring of one of two or more parallel wiring, and a magnetic field measuring instrument, the 
wiring pitch of parallel wiring, and the resolution of the magnetic field detector to be used — with the 
input unit which inputs a property the resolution of a wiring pitch and a magnetic field detector — from a 
property with the arithmetic unit which computes the height position from wiring of a magnetic field 
detector The scanner which scans a magnetic field detector in the position obtained from the arithmetic 
unit, and scans three dimensions which make a wiring side biaxial and set other one shaft as the height 
of a magnetic field detector, The magnetic-field-strength distribution listing device which creates a 
magnetic-field-strength distribution parallel to a wiring side in the right-angled direction to wiring, The 
magnetic-field-strength minimum-point detection equipment which outputs the position of the 
aforementioned magnetic field detector used as the minimum of a magnetic-field-strength distribution, 
resolution [ as opposed to the height of a magnetic field detector for the property which changed and 
found the height from a wiring side ] — the resolution which makes a property and is outputted to an 
input unit — it is characterized by having a property listing device and position detection equipment 
which detects the position of a magnetic field detector 
[0008] 

[Embodiments of the Invention] Next, the gestalt of implementation of the idea used as the foundations 
of this invention and invention is explained in detail with reference to a drawing. 
[0009] Although wiring of front faces, such as a printed circuit board, is mainly a microstrip line, it 
shows how to search for theoretically the magnetic field by the current which flows a microstrip line, 
with the model of drawing 13 . Although drawing 13 is a cross section, mirror image current-I which 
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flows the wiring 1 12 of the imagination which made the gland 111 plane of symmetry to the current I 
which flows wiring 1 10 is assumed. The detection magnetic field in the station 113 which exists at the 
center of the loop side 106 of the magnetic field detector 24 arranged above wiring 110 of being 
expressed with the sum of the magnetic field by the two aforementioned current is well-known, it is 
shown all over drawing — as — the distance from wiring 1 10 to a station 1 13 — Rl — an angle — theta 1 
** — the distance from the wiring 1 12 of imagination with which it carries out and mirror image current 
flows to a station 1 13 — R2 and an angle — theta 2 **, if it carries out Hx which is the horizontal 
component (x components) of the magnetic field strength H in a station 1 13 Hx =lcosthetal/2piRl- 
Icostheta2/2piR2 (1) 

It is alike and asks more. However, wiring is long enough and presupposes that grand area is sufficiently 
large. 

[0010] Here, the calculation result which scanned the station 1 13 in the longitudinal direction of wiring 
1 10 by having made the height from wiring 110 into the parameter, and asked for the magnetic-field- 
strength distribution is shown in drawing 14 . However, right above [ of wiring 110] was set to x= 0, 
and magnetic field strength is standardized at maximum. The flare of a distribution is large and this 
distribution shows a bird clapper, so that a station 113 becomes high from wiring 110. Moreover, the 
position where the magnetic field by the two aforementioned current negates any distribution mutually 
exists, and the position is a position which fulfills the conditions of the following formula. 
[0011] 

costhetal/Rl -costheta2 / R2 (2) 

Therefore, although it is set to Hx =0 when fulfilling the conditions of this (2) formula, when this 
position has contiguity wiring using this relation, it is thought that the influence of the magnetic field by 
the contiguity wiring can be suppressed. That is, the influence of the magnetic field by contiguity wiring 
can be suppressed by arranging a magnetic field detector right above [ of wiring to measure on a wiring 
substrate ], and adjusting the height of a magnetic field detector so that the position where the magnetic 
field strength of drawing 14 serves as the minimum may be equivalent to the position of contiguity 
wiring. This magnetic field strength defines the coordinate of the right-angled direction to wiring used as 
the minimum as resolution here. The aforementioned conditions of suppressing the influence of 
contiguity wiring change with the sizes and forms of the loop side 106 of a magnetic field detector, and 
need to ask for the magnetic-field-strength distribution of drawing 14 for every magnetic field detector 
to be used. 
[0012] 
[Example] 

(Example 1) the resolution of a magnetic field detector — when a property is strange, the composition of 
this invention is shown in drawing 1 the resolution of the magnetic field detector used in case the 
magnetic field by one wiring current is measured among two or more parallel wiring — case a property is 
strange — the magnetic field detector of this invention — resolution — a measuring device — beforehand - 

- resolution — it is necessary to search for a property a magnetic field detector — resolution — the 
composition of a measuring device is shown in drawing 2 The magnetic field detector 24 fixed above 
the substrate 22 with the single wiring 21 by the scanner 23 which can be scanned to 3 shaft orientations 
is arranged, and the output of the magnetic field detector 24 is connected to a measuring instrument 25. 
moreover, the scanner 23 — the position detection equipment 26 of a magnetic field detector — minding - 

- the output of a measuring instrument 25 — the magnetic-field-strength distribution listing device 27 
connecting — the output of the magnetic-field-strength distribution listing device 27 — magnetic-field- 
strength minimum-point detection equipment 28 — minding — resolution — it connects with the property 
listing device 29 

[0013] a magnetic field detector — resolution — the measurement procedure of a measuring device fixes 
the magnetic field detector 24 to fixed height by the scanner 23 first, and measures the magnetic field 
strength when scanning in parallel with a wiring side in the right-angled direction to wiring and the 
resolution of the magnetic field detector 24 which creates the magnetic-field-strength distribution of the 
right-angled direction to wiring with the output and position of a magnetic field detector, detects the 
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position from the wiring with which the height and magnetic field strength of the magnetic field detector 
24 at that time serve as the minimum, and is used from the information — a property is created 
Furthermore, the height of the magnetic field detector 24 is changed and same processing is performed. 
[0014] As an example, in order to measure the magnetic field of wiring current conventionally, the case 
where the seal dead loop magnetic field detector into which the semi rigid coaxial cable of drawing 11 
generally used was processed is used is shown. Like drawing 4 , the magnetic-field-strength distribution 
when fixing the bottom of the seal dead loop magnetic field detector 24 to a height of 0.05mm from 
wiring 21 is shown in drawing 5 . It turns out that the coordinate of the longitudinal direction to which 
magnetic field strength serves as the minimum from this distribution is 2.85mm. the resolution which 
associated the position of a wiring longitudinal direction where the height of the loop side 16 of the 
magnetic field detector 24 is changed, it asks for a magnetic-field-strength distribution similarly, and the 
height and magnetic field strength of a magnetic field detector serve as the minimum, i.e., resolution, - 
a property is shown in drawing 6 

[0015] (Example 2) an example 1 - the resolution of a magnetic field detector - the case where a 
property is known — drawing 1 — setting — the resolution of a magnetic field detector — the wiring 21 on 
the substrate 31 of two or more wiring of a property to a known case by the example 1 — the magnetic 
field by one current can be measured by the magnetic field measuring device of this invention The 
composition of a magnetic field measuring device is shown in drawing 3 . The magnetic field detector 
24 fixed above the wiring 21 which wants to measure on [ two or more ] the substrate 31 of wiring by 
the scanner 23 which can be scanned to 3 shaft orientations is arranged, and the output of the magnetic 
field detector 24 is connected to a measuring instrument 25. Moreover, it connects with a scanner 23 
through an arithmetic unit 33 from an input unit 32. 

[0016] the resolution of the magnetic field detector 24 with which the measurement procedure of a 
magnetic field measuring device was indicated to be the wiring pitch of a measurement board-ed to the 
input unit 32 by drawing 6 and to be used ~ a property is inputted the value of the wiring pitch inputted 
in the arithmetic unit 33, and the resolution of drawing 5 - with reference to a property, the height of the 
magnetic field detector 24 whose value of both corresponds is derived A scanner 23 scans the magnetic 
field detector 24 in the height of the magnetic field detector 24 which scanned the magnetic field 
detector 24 right above [ of the wiring 21 to measure ], and was drawn with the arithmetic unit 33. The 
magnetic field of the wiring 21 which wants to make [ wiring ] influence of the contiguity wiring 34 into 
the minimum, and to measure it in a measuring instrument 25 on this optimal measurement condition is 
detectable. 

[0017] the wiring 21 which has the contiguity wiring 34, using the aforementioned seal dead loop 
magnetic field detector as an example — the case where the magnetic field by one current is measured is 
shown A wiring pitch considers the measurement model with the wiring of two which is 4.16mm of 
drawing 7 , excites by 800MHz a - ldBm sine wave by considering wiring 21 on the left-hand side of 
this cross section as measured wiring, and excites the right-hand side wiring 34 by the sine wave 
(800MHz and 9dBm). However, it measured by inserting about 20dB amplifier between the magnetic 
field detector 24 and a measuring instrument (here, a power meter being used) 25. In this measurement 
model, by the former, it is possible to approach right above [ of this wiring 21 ] as much as possible, and 
to arrange the magnetic field detector 24 to **** which wants to measure only the magnetic field of the 
current of the left-hand side wiring 21, and the solid line of drawing 8 shows the spectrum of the output 
of the magnetic field detector when setting the height of a magnetic field detector to 0.05mm to it. the 
wiring 21 in case the dotted line in drawing arranges a magnetic field detector in the same height and 
there is no contiguity wiring 34 - it is the output of one magnetic field detector Like this drawing, about 
1.7dB of both amplitude differs by the solid line and the dotted line, it is influenced of the contiguity 
wiring 34 only by making a magnetic field detector merely approach, and it is shown that the magnetic 
field by the current of the contiguity wiring 34 will also be compounded. Moreover, although the 
spectrum of the output of the magnetic field detector at the time of making the height of a magnetic field 
detector high with 2.00mm conversely is shown in drawing 9 , about 5.5dB of both amplitude differs, 
and they is influenced from the contiguity wiring 34 this time. 
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[0018] then - the case where the magnetic field detector 24 which resolution understands beforehand 
according to the example 1 is used — resolution — a problem is solvable by arranging a magnetic field 
detector in the height used as a property ( drawing 6 ) and the optimal measurement conditions acquired 
from the wiring pitch of a measurement board-ed here — resolution ~ the case where a magnetic field 
detector with a strange property is used — an example 1 — following — resolution — an example 2 will be 
performed after searching for a property According to drawing 6 , it turns out that the seal dead loop 
magnetic field detector to be used can suppress the influence of the contiguity wiring 34 of wiring pitch 
4.16mm when height is about 1.14mm. Then, the spectrum of the output of the magnetic field detector 
24 when setting the height of a magnetic field detector to 1.14mm is shown in drawing 10 . the wiring 
21 in case a dotted line arranges a magnetic field detector in the same height and there is no contiguity 
wiring 34 - it is the output of one magnetic field detector The difference of both amplitude is about 
about 0.5dB, and this drawing shows that the influence of the contiguity wiring 34 is suppressed as 
compared with the case (a height of 2.00mm) where it keeps away when the aforementioned magnetic 
field detector is brought close (a height of 0.05mm). 

[0019] According to this invention, in the magnetic-field-strength distribution when scanning a magnetic 
field detector in the wiring right-angled direction, the sum of the magnetic field by wiring current and 
mirror image current negates each other, and since the position where magnetic field strength takes the 
minimal value exists, when the position has contiguity wiring, the influence of the magnetic field from 
contiguity wiring can be suppressed. Moreover, if the height of a magnetic field detector is changed, 
since the position which shows the minimal value of the aforementioned magnetic-field- strength 
distribution will also change, the influence of the magnetic field from contiguity wiring can be 
suppressed by changing the height of a magnetic field detector according to a wiring pitch. 
[0020] 

[Effect of the Invention] the magnetic field measuring device of this invention, and a magnetic field 
detector - resolution — according to the measuring device, in two or more wiring, the influence of 
contiguity wiring is suppressed and there is an effect referred to as being able to measure the magnetic 
field by the current of wiring of one by the high resolution 
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